Status of razorback sucker In
Lakes Mohave and Mead.:
A conservation genetic
perspective

Thomas E. Dowling §
Paul C. Marsh o2/ (el
Thomas F. Turner NV

Brian R. Kesner

Funded by: f‘.‘n{}llth!.'.';‘:-itt‘l 1

B oy




Background

 Federally listed as endangered in 1991

50+ yrs no natural recruitment in Lake Mohave
— Water development
— Non-native fish predation and competition




History of population declines

 Reservoirs fill
— Populations expand

* Introduction of non-native species
— Failure to recruit
— Populations senesce and disappear
— Demise hastened by large predators




Impact on genetic diversity
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Objective

 Use molecular markers (microsatellites,
MtDNA) to monitor levels of genetic
diversity in Lakes Mohave and Mead




Lake Mead

 Essentially extirpated in the 1970s

 Re-appeared in late 1980s — early 1990s

— Unlike other locations subadults have been
found

e Goal
— Assess patterns of genetic variation
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Sample Size

Year Adults Larvae
2013 25
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						Sample Size

		Sample ID		Year		Adults		Larvae

		FMS		2013		25

		Mohave		2000/2011		50		120



		Mead - unknown		early 90s		15



		Colorado River Inlet		2011		4

				2012		16

				2013		3

				2014		7		8

				2015		7		6



		Echo Bay		1997				25

				2002		11		30

				2011		8

				2012		45		25

				2013		6		7

				2014		14		10

				2015				36



		Las Vegas Bay		2002		18		27

				2012				25

				2013		3		40

				2014		8		23

				2015		10		29



		Overton Arm 		2011		3

				2013		38		30

				2014		32		10

				2015		9





Sheet2





Sheet3






Assignment testing

e |dentified three forms
e Flannelmouth
« Mead specific form

e Broadly distributed form (including Mohave)

|
T Mead Mohave
Flannelmouth
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Relatedness

 Higher than _—
original measure .. O farvae
v

from Lake Mead 5 5-1:
and Lake Mohave g
* Reduced in 2014 0:0; ZINA,NA | I N A

and 2015 (relative F PSSP S o
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What about variation among populations?
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Conclusions
| ake Mead

« RBS in Lake Mead diverging from Lake
Mohave
— Impact of drift due to small population size?

— As exemplified by flannelmouth-razorback
hybrids, increased influx from Grand Canyon?

— Other geographic effects?

« Because of reduced genetic diversity and
change in the population, developing
plans to augment with Mohave stock while
preserving Mead variation



Lake Mohave
Conservation plan

e |Initiated In mid-
1990’s

« Capture naturally
produced larvae
— across regions

—throughout the
spawning season

— Monitor variation In
these samples
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Sampling
19 years worth of data!!!
e Larvae (1997-2015)

— 331 collections, 8154 individuals
— Temporally and geographically dispersed
e Adults

— 305 wild fish
— 1448 repatriates (stocked 1992 — 2015)




Genetic variation within larval
samples over time

e microsatellites
R2=0.05, P =0.373

e mtDNA
R2=0.60, P <0.001

e Allelic richness iIs
being maintained or
Increased over time

— Decline in 2015 for
mMtDNA

allelic richness
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Distribution of mtDNA
variation among larvae, wild
adults, and repatriates

SOURCE

Among samples F<st = 0.006
Among samples within life stages Fsc = 0.005
Among larvae, wild adults, repatriates Fcr = -0.001

No differences among larvae,
repatriates, and wild adults!



NUMBERS

				Tequila Cove								Yuma Cove								Wrong Cove								Nine Mile Cove						Adults		Total

		allele		3/22/96		1/28/97		3/1/97		3/29/97		2/3/97		2/28/97		3/29/1997-yc		3/29/1997-lc		3/23/96		2/24/97		4/1/97		3/31/97-rtc		1/30/97-9mi		3/1/97-hh		3/29/97-hf

		A						2				2		2						1				1		2		1		1				2		14

		B		3				3		1		3		5		2		3		2		15		3		1		2		8		2		3		56

		C		2						5		2		4		2								1						1		2		1		20

		D																						1												1

		E		15		10		20		15		7		14		24		21		7		2		20		16		13		18		18		29		249

		F				4												1		4								5				3		5		22

		G														1				1																2

		H						1																												1

		I																1																		1

		J				2																3						2						1		8

		K				1																						1		1						3

		L										1						1																		2

		M																								3										3

		N								1																										1

		O						1																												1

		P		1				1										1		1						4						1		2		11

		Q												1																						1

		R		3				3		6		1		3		1		1		3		1		1		1				1				4		29

		S										1																				3		1		5

		T																																1		1

		Total		24		17		31		28		17		29		30		29		19		21		27		27		24		30		29		49		431

		NA		0.208		0.235		0.226		0.179		0.412		0.207		0.2		0.241		0.368		0.19		0.222		0.222		0.25		0.2		0.241		0.204081633





frequencies

				Tequila Cove								Yuma Cove								Wrong Cove								Nine Mile Cove						Average		Adults

		allele		03/22/96		1/28/97		3/1/97		3/29/97		2/3/97		2/28/97		3/29/1997-yc		3/29/1997-lc		3/23/96		2/24/97		4/1/97		3/31/97-rtc		1/30/97-9mi		3/1/97-hh		3/29/97-hf

		A						0.065				0.118		0.069						0.053				0.037		0.074		0.042		0.033				0.033		0.041

		B		0.125				0.097		0.036		0.176		0.172		0.067		0.103		0.105		0.714		0.111		0.037		0.083		0.267		0.069		0.144		0.061

		C		0.083						0.179		0.118		0.138		0.067								0.037						0.033		0.069		0.048		0.020

		D																						0.037										0.002

		E		0.625		0.588		0.645		0.536		0.412		0.483		0.800		0.724		0.368		0.095		0.741		0.593		0.542		0.600		0.621		0.558		0.592

		F				0.235												0.034		0.211								0.208				0.103		0.053		0.102

		G														0.033				0.053														0.006

		H						0.032																										0.002

		I																0.034																0.002

		J				0.118																0.143						0.083						0.023		0.020

		K				0.059																						0.042		0.033				0.009

		L										0.059						0.034																0.006

		M																								0.111								0.007

		N								0.036																								0.002

		O						0.032																										0.002

		P		0.042				0.032										0.034		0.053						0.148						0.034		0.023		0.041

		Q												0.034																				0.002

		R		0.125				0.097		0.214		0.059		0.103		0.033		0.034		0.158		0.048		0.037		0.037				0.033				0.065		0.082

		S										0.059																				0.103		0.011		0.020

		T																																0.000		0.020

		Total		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000





fstat

		LEVEL		FIXATION INDEX		SIGNIFICANCE

		Among samples within areas		FSC = 0.10		P = 0.00

		Among samples within the lake		FST = 0.08		P = 0.00

		Among areas within the lake		FCT = -0.02		P = 0.84

		SOURCE		% OF VARIATION

		Among areas		-2.07

		Among samples within areas		10.33

		Within samples		91.75

		SOURCE

		Among samples		FST = 0.006

		Among samples within life stages		FSC = 0.005

		Among larvae, wild adults, repatriates		FCT = -0.001

		LEVEL		FIXATION INDEX

		Among samples within the lake		FST = 0.002		SIGNIFICANCE

						P = 0.27





STATS

		Sample		Sample Size (N)		Number of Alleles (A)		A/N		gene diversity		ave. # of differences		nucleotide diversity

		Tequila Cove

		3/22/96		24		5		0.208		0.594		1.14		0.004

		1/28/97		17		4		0.235		0.618		1.88		0.006

		3/1/97		31		7		0.226		0.576		1.11		0.004

		3/29/97		28		5		0.179		0.656		1.41		0.005

		Yuma Cove

		2/3/97		17		7		0.411		0.809		1.72		0.006

		2/28/97		29		6		0.207		0.727		1.49		0.005

		3/29/1997-yc		30		5		0.167		0.361		0.72		0.002

		3/29/1997-lc		29		7		0.241		0.475		0.73		0.002

		Wrong Cove

		3/23/96		19		7		0.368		0.819		2.02		0.007

		2/24/97		21		4		0.190		0.481		1.05		0.003

		4/1/97		27		6		0.222		0.450		0.98		0.003

		3/31/97-rtc		27		6		0.222		0.630		1.70		0.006

		Nine Mile Cove

		1/30/97-9mi		24		6		0.250		0.674		1.85		0.006

		3/1/97-hh		30		6		0.200		0.584		0.95		0.003

		3/29/97-hf		29		6		0.207		0.603		1.37		0.004

		Adults		49		10		0.204		0.637		1.52		0.005






Riverine population from
Lake Mohave

e Started to sample riverine stretch above
Willow Beach

— 2014 and 2015

« Comparable levels of variation to
samples found in Lake Mohave
— 2014 - 12 haplotypes
— 2015 - 16 haplotypes
— Main basin — 14.6 haplotypes (ave 2011-15)



Test of geographic
differentiation

SOURCE

Among samples F<st = 0.002
Among years within locations Fsc = 0.003
Between the main basin and riverine stretch Fcr =-0.001

No difference between
riverine reach and main basin



NUMBERS

				Tequila Cove								Yuma Cove								Wrong Cove								Nine Mile Cove						Adults		Total

		allele		3/22/96		1/28/97		3/1/97		3/29/97		2/3/97		2/28/97		3/29/1997-yc		3/29/1997-lc		3/23/96		2/24/97		4/1/97		3/31/97-rtc		1/30/97-9mi		3/1/97-hh		3/29/97-hf

		A						2				2		2						1				1		2		1		1				2		14

		B		3				3		1		3		5		2		3		2		15		3		1		2		8		2		3		56

		C		2						5		2		4		2								1						1		2		1		20

		D																						1												1

		E		15		10		20		15		7		14		24		21		7		2		20		16		13		18		18		29		249

		F				4												1		4								5				3		5		22

		G														1				1																2

		H						1																												1

		I																1																		1

		J				2																3						2						1		8

		K				1																						1		1						3

		L										1						1																		2

		M																								3										3

		N								1																										1

		O						1																												1

		P		1				1										1		1						4						1		2		11

		Q												1																						1

		R		3				3		6		1		3		1		1		3		1		1		1				1				4		29

		S										1																				3		1		5

		T																																1		1

		Total		24		17		31		28		17		29		30		29		19		21		27		27		24		30		29		49		431

		NA		0.208		0.235		0.226		0.179		0.412		0.207		0.2		0.241		0.368		0.19		0.222		0.222		0.25		0.2		0.241		0.204081633





frequencies

				Tequila Cove								Yuma Cove								Wrong Cove								Nine Mile Cove						Average		Adults

		allele		03/22/96		1/28/97		3/1/97		3/29/97		2/3/97		2/28/97		3/29/1997-yc		3/29/1997-lc		3/23/96		2/24/97		4/1/97		3/31/97-rtc		1/30/97-9mi		3/1/97-hh		3/29/97-hf

		A						0.065				0.118		0.069						0.053				0.037		0.074		0.042		0.033				0.033		0.041

		B		0.125				0.097		0.036		0.176		0.172		0.067		0.103		0.105		0.714		0.111		0.037		0.083		0.267		0.069		0.144		0.061

		C		0.083						0.179		0.118		0.138		0.067								0.037						0.033		0.069		0.048		0.020

		D																						0.037										0.002

		E		0.625		0.588		0.645		0.536		0.412		0.483		0.800		0.724		0.368		0.095		0.741		0.593		0.542		0.600		0.621		0.558		0.592

		F				0.235												0.034		0.211								0.208				0.103		0.053		0.102

		G														0.033				0.053														0.006

		H						0.032																										0.002

		I																0.034																0.002

		J				0.118																0.143						0.083						0.023		0.020

		K				0.059																						0.042		0.033				0.009

		L										0.059						0.034																0.006

		M																								0.111								0.007

		N								0.036																								0.002

		O						0.032																										0.002

		P		0.042				0.032										0.034		0.053						0.148						0.034		0.023		0.041

		Q												0.034																				0.002

		R		0.125				0.097		0.214		0.059		0.103		0.033		0.034		0.158		0.048		0.037		0.037				0.033				0.065		0.082

		S										0.059																				0.103		0.011		0.020

		T																																0.000		0.020

		Total		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000





fstat

		LEVEL		FIXATION INDEX		SIGNIFICANCE

		Among samples within areas		FSC = 0.10		P = 0.00

		Among samples within the lake		FST = 0.08		P = 0.00

		Among areas within the lake		FCT = -0.02		P = 0.84

		SOURCE		% OF VARIATION

		Among areas		-2.07

		Among samples within areas		10.33

		Within samples		91.75

		SOURCE

		Among samples		FST = 0.002

		Among years within locations		FSC = 0.003

		Between the main basin and riverine stretch		FCT = -0.001

		LEVEL		FIXATION INDEX

		Among samples within the lake		FST = 0.002		SIGNIFICANCE

						P = 0.27





STATS

		Sample		Sample Size (N)		Number of Alleles (A)		A/N		gene diversity		ave. # of differences		nucleotide diversity

		Tequila Cove

		3/22/96		24		5		0.208		0.594		1.14		0.004

		1/28/97		17		4		0.235		0.618		1.88		0.006

		3/1/97		31		7		0.226		0.576		1.11		0.004

		3/29/97		28		5		0.179		0.656		1.41		0.005

		Yuma Cove

		2/3/97		17		7		0.411		0.809		1.72		0.006

		2/28/97		29		6		0.207		0.727		1.49		0.005

		3/29/1997-yc		30		5		0.167		0.361		0.72		0.002

		3/29/1997-lc		29		7		0.241		0.475		0.73		0.002

		Wrong Cove

		3/23/96		19		7		0.368		0.819		2.02		0.007

		2/24/97		21		4		0.190		0.481		1.05		0.003

		4/1/97		27		6		0.222		0.450		0.98		0.003

		3/31/97-rtc		27		6		0.222		0.630		1.70		0.006

		Nine Mile Cove

		1/30/97-9mi		24		6		0.250		0.674		1.85		0.006

		3/1/97-hh		30		6		0.200		0.584		0.95		0.003

		3/29/97-hf		29		6		0.207		0.603		1.37		0.004

		Adults		49		10		0.204		0.637		1.52		0.005






Conclusions:
Lake Mohave

 All measures of genetic variation consistent
among samples of larvae and repatriates

e Variation is being transmitted from larvae to
repatriates

* Increasing levels of mtDNA variation over time
— Notable decline in 2015




Conclusions:
Riverine population

 Riverine population comparable to that
In the main basin

* Important to incorporate these fishes
Into the program

e How?

— Treat it as a fifth spawning region
(comparable to Tequila, Yuma, Nine Mile,
and above Owl Point)

— Supplement the dwindling sample from
above Owl Point



Population size

* Despite all of our efforts, population size
continues to be an issue

50000
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20157
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Major Issue
Stocking size

« Makes more sense (biologically and
economically) to stock larger fish!

* There has been movement in this
direction

* It will be Interesting to see the impacts
of this approach in the next few years
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